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Description

BACKGROUND OF THE INVENTION

[0001] The present invention is related to heart valve
repair, and more particularly to devices for minimally in-
vasive repair of a heart valve leaflet.
[0002] Properly functioning heart valves can maintain
unidirectional blood flow in the circulatory system by
opening and closing, depending on the difference in pres-
sure from one side of the valve to the other. The two
atrioventricular valves (mitral and tricuspid valves) are
multicusped valves that prevent backflow from the ven-
tricles into the atria during systole. They are anchored to
the wall of the ventricle by chordae tendineae, which pre-
vent the valve from inverting.
[0003] The mitral valve is located at the gate of the left
ventricle and is made up of two leaflets and a diaphanous
incomplete ring around the valve, known as the mitral
valve annulus. When the valve opens, blood flows into
the left ventricle. After the left ventricle fills with blood and
contracts, the two leaflets of the mitral valve are pushed
upwards and close, preventing blood from flowing back
into the left atrium and the lungs.
[0004] Mitral valve prolapse is a type of myxomatous
valve disease in which the abnormal mitral valve leaflets
prolapse (i.e., a portion of the affected leaflet may be
billowed, loose, and floppy). Furthermore, the chordae
tendineae may stretch and thus become too long, or the
chordae tendineae may be ruptured. As a result, the valve
is not properly held in a closed condition. As a result of
being stretched, the unsupported valve leaflet bulges
back, or "prolapses," into the left atrium like a parachute.
Thus, as the ventricle contracts, the abnormal leaflet may
be propelled backwards, beyond its normal closure line
into the left atrium, thereby allowing blood to return to the
left atrium and the lungs.
[0005] Mitral valve prolapse causes mitral regurgita-
tion. Isolated posterior leaflet prolapse of the human
heart mitral valve, i.e. prolapse of a single leaflet, is the
most common cause of mitral regurgitation. The exact
cause of the prolapse is not clear. Untreated mitral re-
gurgitation may lead to congestive heart failure and pul-
monary hypertension.
[0006] Despite the various improvements that have
been made to devices and methods for mitral valve leaflet
repair, there remain some shortcomings. For example,
conventional methods of treating mitral valve prolapse
include replacement of the mitral valve, clipping the two
mitral valve leaflets to one another, and resection of the
prolapsed segment using open heart surgery. Such sur-
gical methods may be invasive to the patient and may
require an extended recovery period.
[0007] There therefore is a need for further improve-
ments to the current techniques for treating heart valve
leaflet prolapse. Among other advantages, the present
invention may address one or more of these needs.

BRIEF SUMMARY OF THE INVENTION

[0008] Methods and devices for gathering of heart
valve leaflet tissue are disclosed. A method of gathering
tissue of a heart valve leaflet may include inserting an
elongated catheter assembly to a position adjacent the
heart valve leaflet, the catheter assembly including a cap-
ture tool and a tissue support member having at least
two spaced apart support elements, the capture tool and
the tissue support member each being independently
moveable between a retracted position and an extended
position. Then, the capture tool may be moved from the
retracted position to the extended position, and the tissue
support member may be moved from the retracted posi-
tion to the extended position, the moving step being con-
ducted so that the capture tool is positioned on one side
of the heart valve leaflet and the tissue support member
is positioned on another side of the heart valve leaflet
opposite the one side. Next, the capture tool may be par-
tially retracted from the extended position toward the re-
tracted position to force tissue of the heart valve leaflet
between the support elements of the tissue support mem-
ber, the tissue being formed into a gathered configura-
tion. A clip from the catheter assembly may be applied
to the tissue so as to hold the tissue substantially in the
gathered configuration.
[0009] Each support element may include a loop hav-
ing a distal end, the distal ends of the loops being spaced
from one another by a gap. The moving step may include
sliding the distal ends of the loops between adjacent chor-
dae tendineae of the heart valve leaflet and underneath
the heart valve leaflet. The gathered configuration may
be in the shape of a V. The catheter assembly may extend
in a longitudinal direction, and the moving step may in-
clude moving a distal end of the tissue support member
distally in the longitudinal direction and laterally away
from the capture tool in a direction transverse to the lon-
gitudinal direction.
[0010] A distal end of the capture tool has a hook shape
in the extended position. The capture tool includes a
grasping wire slidably disposed in a containment tube,
and the moving step includes sliding a distal portion of
the grasping wire out from the containment tube so that
the distal portion of the grasping wire changes from a
linear shape to a hook shape.
[0011] The catheter assembly may also include a re-
taining arm moveable between a first position for retain-
ing the clip and a second position for releasing the clip,
and the step of applying the clip may include moving the
retaining arm from the first position to the second position
to release the clip for application to the tissue. The clip
may be biased from an open condition to a clamping con-
dition, the retaining arm may hold the clip in the open
condition, and the step of moving the retaining arm from
the first position to the second position may release the
clip for movement to the clamping condition.
[0012] A device for gathering tissue of a heart valve
leaflet may include an elongated tube, a tissue support
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member moveable relative to the tube between a retract-
ed position and an extended position, the tissue support
member having at least two spaced apart support ele-
ments, and a capture tool moveable relative to the tube
and between the support elements between a retracted
position and an extended position. The capture tool and
the tissue support member may be operable to capture
tissue of the heart valve leaflet therebetween, such that
the captured tissue has a gathered configuration.
[0013] The support elements may be made from a
memory metal. The gathered configuration may be in the
shape of a V. The elongated tube may extend in a lon-
gitudinal direction, and distal ends of the support ele-
ments may be adapted to move laterally away from the
capture tool in a direction transverse to the longitudinal
direction when the support elements move from the re-
tracted position to the extended position. The device may
also include an operating handle having an actuating
member adapted to control movement of the tissue sup-
port member between the retracted and extended posi-
tions. Each support element may include a loop having
a distal end, the distal ends of the loops being spaced
from one another by a gap.
[0014] A distal end of the capture tool may have a hook
shape in the extended position. The capture tool may
include a grasping wire slidably disposed in a contain-
ment tube, and a distal portion of the grasping wire may
be adapted to change from a linear shape to a hook shape
when the distal portion of the grasping wire is extended
out from the containment tube. The grasping wire may
be made from a memory metal. The device may also
include an operating handle having an actuating member
adapted to control movement of the grasping wire be-
tween retracted and extended positions and movement
of the containment tube between retracted and extended
positions.
[0015] Operation of the actuating member may control
simultaneous movement of the grasping wire and the
containment tube. The actuating member may have first
and second portions that are moveable relative to one
another, the first portion being adapted to control move-
ment of the grasping wire and the second portion being
adapted to control movement of the containment tube.
The first portion may be adapted to control movement of
the grasping wire independently of movement of the con-
tainment tube.
[0016] The device may also include a releasable clip
adapted to be applied to the tissue for holding the tissue
in the gathered configuration. The device may also in-
clude a retaining arm moveable between a first position
for retaining the clip and a second position for releasing
the clip for application to the tissue. The clip may be bi-
ased from an open condition to a clamping condition, the
retaining arm in the first position holding the clip in the
open configuration, and the retaining arm in the second
position releasing the clip for application to the tissue.
The device may also include an operating handle having
an actuating member adapted to control movement of

the retaining arm between the first position and the sec-
ond position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Various embodiments of the present invention
will now be discussed with reference to the appended
drawings. It is appreciated that these drawings depict
only some embodiments of the invention and are there-
fore not to be considered limiting of its scope.

FIG. 1 is a diagrammatic perspective view of the pos-
terior leaflet of a mitral valve;
FIGS. 2A, 3A, 4A, and 5A are partial cross-sectional
views of the human heart, showing the mitral valve
and the steps of operating one embodiment of a de-
vice for gathering of heart valve leaflet tissue;
FIG. 2B is an enlarged front perspective view of the
distal portion of the device shown in FIG. 2A;
FIGS. 2C and 2D are a perspective view and a lon-
gitudinal cross-sectional view of one embodiment of
a handle suitable for controlling the device of FIG.
2A, shown with the buttons positioned to correspond
to the positions of the components of the device
shown in FIG. 2A;
FIG. 3B is a side view of the distal portion of the
device of FIG. 2A, shown with the support loops de-
ployed as in FIG. 3A;
FIG. 4B is a side view of the distal portion of the
device of FIG. 2A, shown with the support loops and
hook deployed as in FIG. 4A;
FIGS. 4C and 4D are a perspective view and a lon-
gitudinal cross-sectional view of the handle of FIG.
2C, shown with the buttons positioned to correspond
to the positions of the components of the device
shown in FIG. 4A;
FIG. 5B is a side view of the distal portion of the
device of FIG. 2A, shown with the support loops de-
ployed and the hook in a partially-retracted position
as in FIG. 5A;
FIG. 5C is a top plan view of the distal portion of the
device of FIG. 2A, showing a portion of the posterior
leaflet captured between the hook and the support
loops;
FIG. 5D is a longitudinal cross-sectional view of the
distal portion of the device of FIG. 2A, taken along
line 5D-5D of FIG. 5C;
FIG. 5E is a diagrammatic partial cross-sectional
view of the posterior mitral valve leaflet of FIG. 5C,
taken along line 5E-5E of FIG. 5C, and showing the
leaflet tissue gathered in a V-shaped pleat;
FIG. 5F is a perspective view of the handle of FIG.
2C, shown with the buttons positioned to correspond
to the positions of the components of the device
shown in FIG. 5A;
FIGS. 5G and 5H are a perspective view and a lon-
gitudinal cross-sectional view of the handle of FIG.
2C, shown with the buttons positioned to correspond
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to the positions of the components of the device
shown in FIG. 5A;
FIG. 6A is a perspective end view of the distal portion
of the device of FIG. 2A, shown with the support
loops deployed, the hook in a partially-retracted po-
sition, and the retaining arm in the retracted position;
FIG. 6B is a longitudinal cross-sectional view of the
handle of FIG. 2C, shown with the buttons positioned
to correspond to the positions of the components of
the device shown in FIG. 6A;
FIG. 7 is a diagrammatic view of the clip and the
posterior mitral valve leaflet of FIG. 5C, shown with
the clip in a deployed position; and
FIG. 8 is a view similar to FIGS. 2A, 3A, 4A, and 5A,
showing the clip in a deployed position.

DETAILED DESCRIPTION

[0018] As used herein, the terms "proximal" and "dis-
tal" are to be taken as relative to a user (e.g., a surgeon
or an interventional cardiologist) using the disclosed de-
vices. "Proximal" is to be understood as relatively close
to the user and "distal" is to be understood as relatively
farther away from the user. The invention will be de-
scribed in connection with the repair of a mitral valve
leaflet, but it may be useful in the repair of other types of
cardiac valves or in the gathering and clamping of other
types of loose body tissue.
[0019] Referring to FIG. 1, an exemplary mitral valve
1 includes a posterior leaflet 2 and an anterior leaflet 3.
The leaflets 2 and 3 extend from an annulus 4 to a coap-
tion line 5 where the leaflets meet. The posterior leaflet
2 has an upper portion 6 that is generally perpendicular
to the direction of blood flow through the valve 1 and
extends between the annulus 4 and the coaption line 5.
Additionally, the posterior leaflet 2 has a lower portion 7
that is generally parallel to the direction of blood flow
through the valve 1 and extends below the coaption line
5. The posterior leaflet 2 has three scalloped portions
P1, P2, and P3, any of which may include a portion that
is billowed, loose, or floppy, and therefore be the cause
of a prolapse condition of the valve. The inventive devic-
es, systems, and methods described herein may be
adapted to repair such a billowed, loose, or floppy portion
of the posterior leaflet 2 or the anterior leaflet 3. Chordae
tendineae 8 (FIG. 2A) may connect the lower portion 7
of the posterior leaflet 2 to the papillary muscles of the
left ventricle 9.
[0020] Referring to FIG. 2A, an exemplary device 10
for gathering of heart valve leaflet tissue includes an elon-
gated catheter assembly 12 adapted to be inserted
through the apex of a human heart so that a distal portion
14 of the catheter assembly may reach the patient’s mitral
valve 1 for repair thereof.
[0021] The catheter assembly 12 includes an outer
tube 16, the distal end 17 of which has an open side 19
and a closed side 41. An atraumatic tip 11 attached to a
sleeve 13a extending proximally from the tip is longitu-

dinally slidable between a deployed condition protruding
distally beyond the distal end 17 of the outer tube 16 and
a retracted condition. The atraumatic tip 11 may include
a pair of orthogonally disposed slits 13C that divide the
tip into four flaps 13b. As the sleeve 13a is retracted prox-
imally, the flaps 13b may separate from one another,
thereby exposing the distal end 17 of the outer tube. In
a particular embodiment, the outer tube 16 may be made
of one or more echogenic materials, so that the outer
tube may be more easily visualized inside a patient using
three-dimensional echocardiography.
[0022] The catheter assembly 12 further includes tis-
sue support members in the form of substantially closed
loops 30a and 30b (collectively, loops 30) that are longi-
tudinally slidable within respective containment tubes
35a and 35b (collectively, containment tubes 35) dis-
posed within the outer tube 16, all of which can be seen
in FIGS. 5C and 5D. The loops 30 are slidable between
an initial position retracted within the containment tubes
35 (FIG. 2A) and a tissue-supporting position extending
outwardly from the containment tubes (FIGS. 3A and 3B).
The loops 30 may have a substantially linear configura-
tion when fully retracted within the containment tubes 35
and may bend laterally away from the closed side 41 of
the outer tube when deployed from the containment
tubes. In the deployed position, the loops 30 may be
spaced from one another so as to define a gap 33 be-
tween their closed distal ends 32. The loops 30 may be
formed from a memory metal or a strong, resilient metal
or polymer that will cause the loops to automatically bend
laterally away from the closed side 41 of the outer tube
16 when deployed.
[0023] A capture tool in the form of a grasping wire 22
may be slideably arranged in a containment tube 20 dis-
posed within the outer tube 16. The grasping wire 22 may
be longitudinally slidable within the containment tube 20
between a retracted position substantially within the lu-
men of the containment tube, and a deployed position in
which a distal portion of the grasping wire protrudes from
the containment tube. The containment tube 20 may also
be longitudinally slideable between a retracted position
within the outer tube and a deployed position in which a
distal tip 21 of the containment tube protrudes distally
beyond the distal end 17 of the outer tube (FIGS. 4A and
4B). The grasping wire 22 may have a linear configuration
when fully retracted within the containment tube 20, and
the distal portion thereof may assume the shape of a
hook 24 when deployed from the containment tube. In
that regard, the grasping wire 22 may be formed from a
memory metal or a strong, resilient metal or polymer that
will cause the hook 24 to form automatically when de-
ployed.
[0024] A retaining arm 50 may also be disposed within
the outer tube 16 and may be longitudinally slidable there-
in between an initial or distal position, shown in FIG. 5D,
and a retracted or proximal position, shown in FIG. 6A.
In the initial position, the retaining arm 50 engages a clip
55 disposed adjacent the retaining arm, holding it in place
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against the closed side of 41 of the outer tube 16. The
retraction of the retaining arm 50 releases the clip 55 for
application to tissue.
[0025] The clip 55 may be supported in the longitudinal
direction L during the sliding movement of the retaining
arm 50 by a series of ribs 40 provided on the closed side
41 of the outer tube 16 so as to lie between the closed
side and the retaining arm when the retaining arm is in
the initial position. The ribs 40 may be separated in the
longitudinal direction L by a gap 42 sized to receive the
clip 55 when the retaining arm is in the initial position.
[0026] The clip 55 may be made of a memory metal
and may be biased to curl into a substantially round con-
figuration (FIG. 7) when the retaining arm 50 is retracted
proximally and the no longer overlies the clip. Each end
of the clip 55 may include a prong 56 adapted to become
embedded in the leaflet tissue when the clip is deployed.
[0027] Referring now to FIGS. 2C and 2D, a handle 60
may be provided at the proximal end 18 of the outer tube
16 for operating the device 10. The handle 60 may include
a first button 61, a second button 64, and a third button
66 for controlling the operation of the containment tube
20 and the grasping wire 22, the loops 30, and the re-
taining arm 50, respectively.
[0028] The first button 61 may have a first portion 62
and a second portion 63 that are moveable longitudinally
relative to the handle 60 and relative to one another. The
first portion 62 may be operatively connected to the con-
tainment tube 20, such that sliding movement of the first
portion in a proximal or distal direction results in a corre-
sponding sliding movement of the containment tube. The
second portion 63 may be operatively connected to the
grasping wire 22, such that sliding movement of the sec-
ond portion in a proximal or distal direction results in a
corresponding sliding movement of the grasping wire.
The containment tube 20 and the grasping wire 22 may
be moved together by the simultaneous movement of the
first and second portions of the button 61. Alternatively,
the containment tube 20 and the grasping wire 22 may
be moved independently of one another by moving one
of the portions of the button 61 while the other portion
remains stationary. For example, sliding the second por-
tion 63 distally while the first portion 62 remains stationary
advances the grasping wire 22 out from the containment
tube 20, resulting in deployment of the hook 24.
[0029] The second button 64 may be moveable longi-
tudinally relative to the handle 60 for controlling the move-
ment of the loops 30 relative to the outer tube 16. The
second button 64 may be operatively connected to one
end of a linkage 65, the other end of which may be op-
eratively connected to the loops 30, such that sliding
movement of the second button in a proximal or distal
direction results in a corresponding sliding movement of
the loops.
[0030] The third button 66 may have a trigger shape
and may be connected at one end to the handle 60 by a
pivot pin 67 that allows for movement of the button in a
lateral direction relative to the longitudinal axis of the han-

dle for controlling the movement of the retaining arm 50
relative to the outer tube 16. A spring 68 may bias the
third button 66 to return to its initial position (FIG. 2D)
after the button has been actuated (FIG. 6B). The oppo-
site end 69 of the third button 66 may be pivotally coupled
to a linkage assembly including a first linkage 70, a sec-
ond linkage 71, and a third linkage 72, all of which are
pivotally connected to one another in series. The third
linkage 72 may be connected to the proximal end of the
retaining arm 50, such that actuation of the third button
66 may cause the third linkage 72 to slide proximally to
retract the retaining arm and thereby deploy the clip 55.
A safety catch 75 may be connected to the handle 60 by
a pivot pin 76, such that the safety catch may rotate be-
tween a locked position (FIGS. 5G and 5H) that prevents
actuation of the third button 66 and an unlocked position
(FIG. 6B) that frees the third button for actuation.
[0031] To use the device 10 for gathering of heart valve
leaflet tissue, a user may first actuate the third button 66
of the handle 60 to retract the retaining arm 50 proximally
of the gap 42 between the ribs 40. A clip 55 may then be
loaded into the gap 42, and the third button 66 may be
released. The spring 68 will bias the third button 66 back
to its initial position, whereupon the retaining arm 50 will
slide distally until it covers the clip 55 and holds it in place.
[0032] Next, referring to FIG. 2A, the distal portion 14
of the catheter assembly 12 may be inserted into the left
ventricle of a patient, for example, through the apex of
the heart, so that the distal portion extends between the
posterior leaflet 2 and the anterior leaflet 3 of the mitral
valve 1. As shown in FIG. 2A, the distal end 17 of the
outer tube 16 may be disposed proximally of the coaption
line 5 of the mitral valve 1, with the open side 19 of the
outer tube facing the posterior leaflet 2. The distal end
17 of the outer tube 16 may be guided to a desired po-
sition relative to the coaption line 5 using the assistance
of three-dimensional echocardiography to visualize the
outer tube or other components of the catheter assembly
12. Once the distal end 17 of the device is in a desired
position, the sleeve 13a of the atraumatic tip 11 may be
slid proximally until the flaps 13b are proximal of the open
side 19 of the outer tube 16, exposing the inner compo-
nents of the device 10 for deployment.
[0033] Then, referring to FIGS. 3A and 3B, the loops
30 may be deployed by sliding the second button 64 dis-
tally from an initial position (shown in FIG. 2C) to a de-
ployed position (shown in FIG. 4C). The distal movement
of the second button 64 moves the loops 30 distally rel-
ative to the outer tube 16 and the containment tubes 35.
As the loops 30 move distally, the memory of the material
forming the loops will cause the ends 32 of the loops to
bend laterally away from the closed side 41 of the outer
tube 16 and away from one another to expand the internal
gap 33 between the loops. Preferably, the outer tube 16
is positioned against or close to the chordae tendineae
8 so that, as the loops 30 are deployed, the ends 32 of
the loops will extend along the bottom surface of the pos-
terior leaflet 2 under both the upper portion 6 and the
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lower portion 7 and between adjacent ones of the chor-
dae tendineae 8. As the loops 30 are positioned, the free
edge of the posterior leaflet 2 may slide over the loops
towards the containment tubes 35, such that tissue of
the posterior leaflet overlies the distal end 17 of the outer
tube 16.
[0034] Referring next to FIGS. 4A and 4B, the contain-
ment tube 20 may be deployed by sliding the first and
second portions 62 and 63 of the first button 61 together
distally to move the containment tube from an initial po-
sition (not shown) to a deployed position (shown in FIG.
4A). The distal movement of the first button 61 moves
the tip 21 of the containment tube 20 beyond the distal
end 17 of the outer tube 16, such that the tip 21 moves
closer to the coaption line 5.
[0035] The hook 24 may then be deployed to an ex-
tended position by sliding the second portion 63 of the
first button 61 distally relative to the first portion 62 from
an initial position (shown in FIG. 2C) to a deployed posi-
tion (shown in FIGS. 4C and 4D). The distal movement
of the second portion 63 relative to the first portion 62
moves the distal portion of the grasping wire 22 out of
the containment tube 20. No longer being constrained
by the containment tube 20, the distal portion of the
grasping wire 22 may assume the curved shape of the
hook 24.
[0036] The hook 24 of the grasping wire 22 may be
used to grasp tissue of the posterior leaflet 2 and pull it
into the distal end of the outer tube 16. Referring to FIGS.
5A-5F, the hook 24 may be partially retracted against the
tissue of the posterior leaflet 2 by sliding the first and
second portions 62 and 63 of the first button 61 together
proximally. The proximal movement of the first button 61
partially retracts the containment tube 20, and with it the
grasping wire 22, such that the hook 24 engages against
the upper surface 6 of the posterior leaflet 2 and pulls
tissue of the leaflet through the gap 33 between the loops
30a and 30b. As the hook 24 continues to retract proxi-
mally between the loops 30a and 30b, captured tissue
15 of the posterior leaflet 2 will be forced between the
loops and into the distal end of the outer tube 16.
[0037] A V-shaped pleat 80 will thus be formed in the
captured tissue 15. The pleat 80 will have a V-shape in
longitudinal cross-section, as shown in FIG. 5E, with the
lowered center portion of the V underlying the hook 24,
and the two upper portions of the V overlying the loops
30a and 30b. The pleat 80 will also have a V-shape in
transverse cross-section as evident in FIG. 5C, with the
lowered center portion of the V extending around the end
25 of the hook 24, and the two upper portions of the V
extending from the end of the hook toward the closed
side 41 of the outer tube 16. By forming a V-shaped pleat
80, most or all of the portion of the posterior leaflet 2 that
is billowed, loose, or floppy may be gathered and tight-
ened.
[0038] With some of the tissue of the posterior leaflet
2 captured within the distal end of the outer tube 16, the
retaining arm 50 may be retracted by releasing the catch

75 and actuating the third button 66 by depressing it to-
ward the handle 60. The retaining arm 50 may be retract-
ed until it is proximal of the gap 42 between the ribs 40,
as shown in FIG. 6A. At this juncture, the retaining arm
50 will no longer overlie the clip 55, such that the two
prongs 56 of the clip will be free to spring away from the
closed surface 41 of the outer tube 16 and become em-
bedded in the captured tissue 15 of the posterior leaflet
2, thereby securing the tissue in the pleated form. As can
be seen in FIG. 7, the clip 55 may pierce tissue of the
posterior leaflet 2 from the bottom surface of the leaflet,
thereby retaining the captured tissue 15 in the V-shaped
pleat 80. The clip 55 may be engaged in the lower portion
7 of the posterior leaflet 2 close to the coaption line 5.
The two prongs 56 may overlap one another, and the clip
55 may extend along an arc that is greater than 360 de-
grees.
[0039] A suture (not shown) may extend between the
clip 55 and the catheter assembly 12 so that the clip may
be retrieved using the device 10, for example, if the clip
has been installed at a sub-optimal location on the pos-
terior leaflet 2 or does not become adequately embedded
in the tissue. A user may desire to disengage the clip
from the tissue and deploy another one.
[0040] After the clip 55 has been adequately secured
in the tissue of the posterior leaflet 2, the device 10 may
be withdrawn from the patient. To withdraw the device
10, the hook 24 may first be withdrawn from engagement
with the posterior leaflet 2 by retracting the second portion
63 of the first button 61 relative to the first portion 62
thereof. This action causes the hook 24 to straighten as
the grasping wire 22 retracts into the containment tube
20.
[0041] Next, the loops 30 may be withdrawn from en-
gagement with the posterior leaflet 2 by moving the sec-
ond button 64 proximally, thereby retracting the loops
into the containment tubes 35. As the loops 30 retract,
the ends 32 of the loops will move out from under the
posterior leaflet 2.
[0042] Once the hook 24 and the loops 30 have dis-
engaged from the posterior leaflet 2, the posterior leaflet
may assume its natural orientation, such as that shown
in FIG. 8. The clip may have an installed orientation that
is different than that shown in FIG. 7, such that the prongs
56 may point toward the anterior leaflet 3, while the center
of the clip faces away from the anterior leaflet.
[0043] Finally, the catheter assembly 12 may be with-
drawn from the patient through the apex of the heart. The
procedure described above may be repeated to apply
one or more additional clips 55 onto the same posterior
leaflet 2.
[0044] In the foregoing, particular structures have been
described that are adapted to gather, secure, and repair
heart valve leaflet tissue. The invention also contem-
plates the use of any alternative structures for such pur-
poses, including structures having different lengths,
shapes, and configurations. For example, although the
catheter assembly 12 is described as being controllable
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by the movement of a particular configuration of buttons
61, 64, and 66 of the handle 60, any mechanisms that
are adapted to control the movement and deployment of
the containment tube 20, grasping wire 22, loops 30, and
clip 55 may be used.
[0045] Furthermore, although the capture tool is shown
as a single grasping wire 22 having a single hook 24 that
cooperates with support members shown in the form of
two loops 30 to capture leaflet tissue and form same into
a V-shaped pleat 80, the capture tool and support mem-
bers may have any shape or configuration that may be
adapted to cooperate to grasp a target portion of valve
leaflet tissue and to capture such tissue, forming any
number of pleats therein, such that a clip may be applied
to the captured tissue. For example, a support member
having a single loop may cooperate with two hooks that
are laterally spaced apart from one another to form leaflet
tissue into a pleat, or a single hook may cooperate with
a single loop, the sides of which are spaced apart suffi-
ciently to form leaflet tissue into a pleat therebetween.
The invention contemplates support members having
any number of hooks cooperating with any number of
loops to form any number of pleats in the captured tissue.
It will be appreciated that the more pleats that are formed,
the more the tissue of the valve leaflet can be tightened.
[0046] Moreover, although the capture tool has been
described as a grasping wire 22, it may take other forms,
including for example, a pincer-like structure such as a
clamp, or any other structure that can guide leaflet tissue
into a fold or pleat onto which a clip can be attached.
Also, the support members may have other configura-
tions, such as the solid tines of a fork, an arm having a
curved surface such that outer edges of the arm can
serve as loops, a lattice structure, or any other structure
capable of supporting the leaflet tissue against the force
exerted by retraction of the hook.
[0047] Although the catheter assembly 12 has been
described as including ribs 40 on the closed side 41 of
the outer tube 16 for holding the clip 55 in place, that
need not be the case. Rather, a recess may be formed
in the closed side 41 of the outer tube 16 for receiving
the clip. Further, although the retaining arm 50 has been
described as engaging the clip 55 when the retaining arm
is in the distal position and releasing the clip when the
retaining arm is in the proximal position, the invention
contemplates an alternative retaining arm that retains the
clip when the retaining arm is in a proximal position and
releases the clip when the retaining arm is moved to a
distal position.
[0048] Although the loops 30 have been described as
being made from a memory metal so that the closed ends
32 of the loops automatically bend laterally away from
the closed side 41 of the outer tube 16 when the loops
are extended distally from the outer tube, other mecha-
nisms may be used for controlling such lateral movement
of the ends of the loops. For example, support members
such as the loops 30 or support members having other
structures may be made of a non-memory material, and

cam surfaces within the outer tube 16 may guide the sup-
port members as they are deployed and retracted. Alter-
natively, a mechanism controlled by a dedicated button
of the handle may be used to actuate lateral movement
of the closed ends 32 of the loops 30 relative to the outer
tube 16.
[0049] Although the device 10 has been described in
connection with the application of a single clip 55 onto a
posterior leaflet 2, the invention contemplates devices
that are adapted to apply a plurality of clips to the leaflet
tissue during a single insertion of the device into a patient.
For example, the gap 42 between the ribs 40 may be
sufficiently large to accommodate a plurality of clips 55
in side-by-side relationship in the longitudinal direction
of the outer tube 16, or a series of ribs 40 may be formed
along the length of the outer tube 16, with a gap 42 sized
to receive an individual clip being defined between each
adjacent pair of ribs. In such embodiments, while leaflet
tissue is captured between the hook 24 and the loops
30, the retaining arm 50 may be retracted to a first position
to apply a first clip 55 to the tissue at a first target location
and may then be further retracted to a second position
to apply a second clip 55 to the tissue at a second target
location spaced from the first location.
[0050] Although the various delivery devices have
been described herein in connection with tightening the
posterior leaflet of a mitral valve, all of the delivery de-
vices may be used on other heart valve leaflets, such as
the anterior leaflet of the mitral valve, or on any other
tissue of the body for which a reduction in the length of
the tissue would be beneficial.
[0051] Although the invention herein has been de-
scribed with reference to particular embodiments in
which the catheter assembly is inserted into the patient
through the apex of the heart (i.e., transapical insertion),
it is to be understood that the invention contemplates
embodiments in which the catheter assembly extends
through another portion of the heart, through a portion of
the vasculature of the patient to reach the heart, for ex-
ample, through a transfemoral or subclavian artery, or
through the aorta. In such embodiments, some of the
device components may have to be oriented in a different
direction to that described herein. For example, the in-
vention contemplates embodiments in which the distal
portion of the catheter assembly approaches the mitral
valve from the upstream side as well as from the down-
stream side of the valve.
[0052] Although the invention herein has been de-
scribed with reference to particular embodiments, it is to
be understood that these embodiments are merely illus-
trative of the principles and applications of the present
invention. It is therefore to be understood that numerous
modifications may be made to the illustrative embodi-
ments and that other arrangements may be devised with-
out departing from scope of the present invention as de-
fined by the appended claims.
[0053] It will be appreciated that the various dependent
claims and the features set forth therein can be combined
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in different ways than presented in the initial claims. It
will also be appreciated that the features described in
connection with individual embodiments may be shared
with others of the described embodiments.

INDUSTRIAL APPLICABILITY

[0054] The present invention enjoys wide industrial ap-
plicability including, but not limited to, methods and de-
vices for gathering tissue in a patient.

Claims

1. A device (10) for gathering tissue of a heart valve
leaflet, the device comprising:

an elongated tube (16);
a tissue support member moveable relative to
the tube between a retracted position and an
extended position, the tissue support member
having at least two spaced apart support ele-
ments (30); and
a capture tool moveable relative to the tube and
between the support elements between a re-
tracted position and an extended position,
the capture tool and the tissue support member
being operable to capture tissue of the heart
valve leaflet therebetween, such that the cap-
tured tissue has a gathered configuration, char-
acterized in that, the capture tool includes a
grasping wire (22) slidably disposed in a con-
tainment tube (20), and a distal portion of the
grasping wire is adapted to change from a linear
shape to a hook shape (24) when the distal por-
tion of the grasping wire is extended out from
the containment tube.

2. The device as claimed in claim 1, wherein the support
elements are made from a memory metal.

3. The device as claimed in claim 1, wherein the elon-
gated tube extends in a longitudinal direction, and
distal ends of the support elements are adapted to
move laterally away from the capture tool in a direc-
tion transverse to the longitudinal direction when the
support elements move from the retracted position
to the extended position.

4. The device as claimed in claim 1, further comprising
an operating handle (60) having an actuating mem-
ber adapted to control movement of the tissue sup-
port member between the retracted and extended
positions.

5. The device as claimed in claim 1, wherein each sup-
port element includes a loop (30a; 30b) having a dis-
tal end (32), the distal ends of the loops being spaced

from one another by a gap (33).

6. The device as claimed in claim 1, wherein a distal
end of the capture tool has a hook shape in the ex-
tended position.

7. The device as claimed in claim 1, wherein the grasp-
ing wire is made from a memory metal.

8. The device as claimed in claim 1, further comprising
an operating handle (60) having an actuating mem-
ber adapted to control movement of the grasping
wire between retracted and extended positions and
movement of the containment tube between retract-
ed and extended positions.

9. The device as claimed in claim 8, wherein operation
of the actuating member controls simultaneous
movement of the grasping wire and the containment
tube.

10. The device as claimed in claim 8, wherein the actu-
ating member has first and second portions that are
moveable relative to one another, the first portion
being adapted to control movement of the grasping
wire and the second portion being adapted to control
movement of the containment tube.

11. The device as claimed in claim 10, wherein the first
portion is adapted to control movement of the grasp-
ing wire independently of movement of the contain-
ment tube.

12. The device as claimed in claim 1, further comprising
a releasable clip (55) adapted to be applied to the
tissue for holding the tissue in the gathered config-
uration.

13. The device as claimed in claim 12, further comprising
a retaining arm (50) moveable between a first posi-
tion for retaining the clip and a second position for
releasing the clip for application to the tissue.

14. The device as claimed in claim 13, wherein the clip
is biased from an open condition to a clamping con-
dition, the retaining arm in the first position holding
the clip in the open configuration, and the retaining
arm in the second position releasing the clip for ap-
plication to the tissue.

15. The device as claimed in claim 13, further comprising
an operating handle (60) having an actuating mem-
ber adapted to control movement of the retaining arm
between the first position and the second position.
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Patentansprüche

1. Vorrichtung (10) zum Aufnehmen von Gewebe von
einem Herzklappensegel, wobei die Vorrichtung um-
fasst:

ein längliches Rohr (16);
ein Gewebestützelement, das relativ zu dem
Rohr zwischen einer eingefahrenen Position
und einer ausgefahrenen Position bewegt wer-
den kann, wobei das Gewebestützelement min-
destens zwei voneinander beabstandete Stütz-
elemente (30) hat; und
ein Ergreifungswerkzeug, das relativ zu dem
Rohr und zwischen den Stützelementen zwi-
schen einer eingefahrenen und einer ausgefah-
renen Position bewegt werden kann,
wobei das Ergreifungswerkzeug und das Gewe-
bestützelement betriebsbereit sind, um Gewebe
von dem Herzklappensegel dazwischen zu er-
greifen, so dass das ergriffene Gewebe eine auf-
genommene Konfiguration hat,

dadurch gekennzeichnet, dass

das Ergreifungswerkzeug einen Greifdraht (22)
umfasst, der verschiebbar in einem Einhau-
sungsrohr (20) angeordnet ist, und wobei ein
distaler Abschnitt von dem Greifdraht dazu an-
gepasst ist, sich von einer linearen Form in eine
Hakenform (24) zu verändern, wenn der distale
Abschnitt von dem Greifdraht aus dem Einhau-
sungsrohr ausgefahren wird.

2. Vorrichtung nach Anspruch 1, wobei die Stützele-
mente aus einem Memory-Metall hergestellt sind.

3. Vorrichtung nach Anspruch 1, wobei sich das läng-
liche Rohr in eine Längsrichtung erstreckt und distale
Enden von den Stützelementen dazu angepasst
sind, sich seitlich von dem Ergreifungswerkzeug in
einer Richtung quer zu der Längsrichtung weg zu
bewegen, wenn sich die Stützelemente von der ein-
gefahrenen Position in die ausgefahrene Position
bewegen.

4. Vorrichtung nach Anspruch 1, weiter einen Betäti-
gungsgriff (60) mit einem Betätigungselement um-
fassend, das dazu angepasst ist, eine Bewegung
von dem Gewebestützelement zwischen den einge-
fahrenen und ausgefahrenen Positionen zu steuern.

5. Vorrichtung nach Anspruch 1, wobei jedes Stütze-
lement eine Schleife (30a; 30b) mit einem distalen
Ende (32) umfasst, wobei die distalen Enden von
den Schleifen voneinander durch eine Lücke (33)
beabstandet sind.

6. Vorrichtung nach Anspruch 1, wobei ein distales En-
de von dem Ergreifungswerkzeug in der ausgefah-
renen Position eine Hakenform hat.

7. Vorrichtung nach Anspruch 1, wobei der Greifdraht
aus einem Memory-Metall hergestellt ist.

8. Vorrichtung nach Anspruch 1, weiter einen Betäti-
gungsgriff (60) mit einem Betätigungselement um-
fassend, das dazu angepasst ist, eine Bewegung
von dem Greifdraht zwischen eingefahrenen und
ausgefahrenen Positionen und eine Bewegung von
dem Einhausungsrohr zwischen eingefahrenen und
ausgefahrenen Positionen zu steuern.

9. Vorrichtung nach Anspruch 8, wobei eine Betätigung
von dem Betätigungselement eine gleichzeitige Be-
wegung von dem Greifdraht und dem Einhausungs-
rohr steuert.

10. Vorrichtung nach Anspruch 8, wobei das Betäti-
gungselement erste und zweite Abschnitte hat, die
relativ zueinander beweglich sind, wobei der erste
Abschnitt dazu angepasst ist, eine Bewegung von
dem Greifdraht zu steuern, und der zweite Abschnitt
dazu angepasst ist, eine Bewegung von dem Ein-
hausungsrohr zu steuern.

11. Vorrichtung nach Anspruch 10, wobei der erste Ab-
schnitt dazu angepasst ist, eine Bewegung von dem
Greifdraht unabhängig von einer Bewegung von
dem Einhausungsrohr zu steuern.

12. Vorrichtung nach Anspruch 1, weiter eine lösbare
Klammer (55) umfassend, die dazu angepasst ist,
an dem Gewebe zum Halten des Gewebes in der
aufgenommenen Position angebracht zu werden.

13. Vorrichtung nach Anspruch 12, weiter einen Halte-
arm (50) umfassend, der zwischen einer ersten Po-
sition zum Halten der Klammern und einer zweiten
Position zum Lösen der Klammer für eine Anbrin-
gung an dem Gewebe bewegt werden kann.

14. Vorrichtung nach Anspruch 13, wobei die Klammern
von einem offenen Zustand in einen Klemmzustand
gespannt ist, wobei der Haltearm in der ersten Po-
sition die Klammer in der offenen Konfiguration hält
und der Haltearm in der zweiten Position die Klam-
mer für eine Anbringung an dem Gewebe löst.

15. Vorrichtung nach Anspruch 13, weiter einen Betäti-
gungsgriff (60) mit einem Betätigungselement um-
fassend, das dazu angepasst ist, eine Bewegung
von dem Haltearm zwischen der ersten Position und
der zweiten Position zu steuern.
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Revendications

1. Dispositif (10) pour froncer du tissu d’une cuspide
de valve cardiaque, le dispositif comprenant :

un tube allongé (16) ;
un élément de support de tissu mobile par rap-
port au tube entre une position rétractée et une
position étendue, l’élément de support de tissu
ayant au moins deux éléments de support es-
pacés (30) ; et
un outil de capture mobile par rapport au tube
et entre les éléments de support entre une po-
sition rétractée et une position étendue,
l’outil de capture et l’élément de support de tissu
pouvant être mis en oeuvre pour capturer du
tissu de la cuspide de valve cardiaque entre ces
derniers, de sorte que le tissu capturé a une con-
figuration froncée,

caractérisé en ce que,

l’outil de capture inclut un fil de prise (22) disposé
de manière coulissante dans un tube de retenue
(20), et une partie distale du fil de prise est con-
çue pour changer d’une forme linéaire à une for-
me de crochet (24) quand la partie distale du fil
de prise est étendue hors du tube de retenue.

2. Dispositif selon la revendication 1, dans lequel les
éléments de support sont faits d’un métal à mémoire.

3. Dispositif selon la revendication 1, dans lequel le tu-
be allongé s’étend dans une direction longitudinale,
et les extrémités distales des éléments de support
sont conçues pour se déplacer latéralement loin de
l’outil de capture dans une direction transversale à
la direction longitudinale lorsque les éléments de
support se déplacent de la position rétractée à la
position étendue.

4. Dispositif selon la revendication 1, comprenant en
outre une poignée de mise en oeuvre (60) ayant un
élément d’actionnement conçu pour commander le
mouvement de l’élément de support de tissu entre
les positions rétractée et étendue.

5. Dispositif selon la revendication 1, dans lequel cha-
que élément de support inclut une boucle (30a ; 30b)
ayant une extrémité distale (32), les extrémités dis-
tales des boucles étant espacées l’une de l’autre par
un espacement (33).

6. Dispositif selon la revendication 1, dans lequel une
extrémité distale de l’outil de capture a une forme de
crochet dans la position étendue.

7. Dispositif selon la revendication 1, dans lequel le fil

de prise est fait d’un métal à mémoire.

8. Dispositif selon la revendication 1, comprenant en
outre une poignée de mise en oeuvre (60) ayant un
élément d’actionnement conçu pour commander le
mouvement du fil de prise entre des positions rétrac-
tée et étendue et le mouvement du tube de retenue
entre des positions rétractée et étendue.

9. Dispositif selon la revendication 8, dans lequel la mi-
se en oeuvre de l’élément d’actionnement comman-
de le mouvement simultané du fil de prise et du tube
de retenue.

10. Dispositif selon la revendication 8, dans lequel l’élé-
ment d’actionnement a des première et seconde par-
ties qui sont mobiles l’une par rapport à l’autre, la
première partie étant conçue pour commander le
mouvement du fil de prise et la seconde partie étant
conçue pour commander le mouvement du tube de
retenue.

11. Dispositif selon la revendication 10, dans lequel la
première partie est conçue pour commander le mou-
vement du fil de prise indépendamment du mouve-
ment du tube de retenue.

12. Dispositif selon la revendication 1, comprenant en
outre une agrafe pouvant être libérée (55) conçue
pour être appliquée au tissu pour maintenir le tissu
dans la configuration froncée.

13. Dispositif selon la revendication 12, comprenant en
outre un bras de retenue (50) mobile entre une pre-
mière position pour retenir l’agrafe et une seconde
position pour libérer l’agrafe pour application au tis-
su.

14. Dispositif selon la revendication 13, dans lequel
l’agrafe est sollicitée d’un état ouvert à un état de
serrage, le bras de retenue dans la première position
maintenant l’agrafe dans la configuration ouverte, et
le bras de retenue dans la seconde position libérant
l’agrafe pour application au tissu.

15. Dispositif selon la revendication 13, comprenant en
outre une poignée de mise en oeuvre (60) ayant un
élément d’actionnement conçu pour commander le
mouvement du bras de retenue entre la première
position et la seconde position.
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